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Horndeski gravity was highly constrained from the recent gravitational wave observations by the
LIGO Collaboration down to |cg/c−1| & 10
−15. In this Letter we study the tensorial perturbations
in a flat cosmological background for an analogue version of Horndenki gravity which is based in
Teleparallel Gravity constructed from a flat manifold with a nonvanishing torsion tensor. It is found
that in this approach, one can construct a more general Horndeski theory satisfying cT = cg/c = 1
without eliminating the coupling functions G5(φ,X) and G4(φ,X) that were highly constrained in
standard Horndeski theory. Hence, in the Teleparallel approach one is able to restore these terms,
creating an interesting way to revive Horndeski gravity.
1. Introduction.—The binary neutron star merger
events associated with the gravitational wave (GW)
GW170817 [1] and its companion electromagnetic coun-
terpart GRB170817A [2] has tremendously constrained
the GW speed of propagation to the speed of light to
within deviations of at most one part in 1015. The birth
of multimessenger GW astronomy has thus placed a dra-
matic constraint on models of gravity predicting devia-
tions in this difference of propagation speeds. One such
theory is Horndeski gravity [3] which is the most general
second order theory of gravity involving a single scalar
field in four dimensions. Horndeski gravity has been used
in a diverse range of settings but is particularly useful for
constructing models of inflation and dark energy [4] (and
references therein).
Horndeski was able to write his theory of gravity in
closed form because of the appearance of Lovelock’s the-
orem [5] which states that in 4-dimensions, the only pos-
sible second order theory of gravity is general relativity
(GR), up to an integration constant (satisfying also rea-
sonable conditions such as diffeomorphism and Lorentz
invariance conditions). Together with the finite contri-
bution of the scalar field, Horndeski gravity provides a
concise general framework on which to construct second
order theories of gravity. However, the speed of propaga-
tion of GWs in Horndeski gravity [6] has severely limited
the potential models of the theory [7, 8]. While the for-
mat of the theory has not been narrowed to GR, its most
cosmologically interesting models have been eliminated.
Moreover, it is important to explore possible ways to re-
vive Horndeski gravity because the majority of modified
gravity theories feature as subclasses of the fuller Horn-
deski theory [9]. This has prompted a resurgence in work
refining the central theme of Horndeski gravity, which
is producing second order field equations to remove any
Ostrogradsky ghosts, and has led to beyond Horndeski
gravity [10].
This is not the only avenue for alleviating the conflict-
ing parts of the theory. Horndeski’s theory of gravity
assumes outright that gravity is described by the Levi-
Civita connection which is the basis of GR and the vast
majority of modified gravity [11]. The Levi-Civita con-
nection is torsionless, satisfies the metric compatibility
condition, and describes gravitation by means of a curva-
tureful Riemann tensor [12]. On the other hand, Telepar-
allel Gravity (TG) formulated on the Weitzenbo¨ck con-
nection is curvatureless and torsionful [13] (and continues
to satisfy the metric compatibility condition). One bene-
fit of TG is that its analogue of Lovelock’s theorem is not
bounded in terms of Lagrangian contributions [14]. The
consequence of this property is that the TG analogue of
Horndeski gravity grants another route to producing an
2observationally consistent theory that retains the spirit
of Horndeski gravity.
In Ref. [15], Bahamonde-Dialektopoulos-Levi Said
(BDLS) developed the details of the theory under rea-
sonably physical conditions. The product is a new La-
grangian component in addition to those that appear in
the original version of Horndeski gravity. BDLS the-
ory opens a new possibility to revive Horndeski gravity
within the TG context. This will raise previously elimi-
nated models to subclasses of the theory where the new
TG component will be constrained through observational
tests.
In this Letter, we show that the propagation of tensor
modes in BDLS theory can resurrect many of the disqual-
ified models of standard Horndeski gravity. This is done
by determining the speed of propagation of gravitational
waves. We close with examples of how this can be done
for some interesting models.
2. The Teleparallel Gravity Analogue of Horndeski
Gravity (BDLS theory)—GR expresses gravitation by
means of the metric tensor, gµν , through the Levi-Civita
connection, Γ˚σµν (we use over-circles to denote quantities
determined by the Levi-Civita connection). This is mea-
sured via the Riemann tensor which gives a meaningful
measure of curvature in standard gravity, and is used in
the construction of many extended theories of gravity.
On the other hand, the fundamental dynamical object of
TG is the tetrad, eaµ, which acts as a soldering agent
between the tangent space (Latin indices) and general
manifold (Greek indices).
The tetrad reproduce the metric through gµν =
eaµe
b
νηab, and observe the inverse transformation rela-
tion ηab = e
µ
a e
ν
b gµν . Also, the tetrad is normalised by
the orthogonality relations eaµe
µ
b = δ
a
b and e
a
µe
ν
a = δ
ν
µ.
There is an infinite set of tetrads that satisfy these con-
ditions. TG theories are based upon the Weitzenbo¨ck
connection, which is curvatureless and metric compat-
ible. The linear affine form of this connection can be
related to its spin connection counterpart through the
relation Γσµν = e
σ
a ∂µe
a
ν + e
σ
a ω
a
bµe
b
ν . As in GR, the
spin connection accounts for the local Lorentz degrees of
freedom, but in TG this plays an active role in the equa-
tions of motion of the theory by offsetting inertial effects.
In any setting, one can always choose the so-called purely
inertial gauge in which the spin connection vanishes due
to an appropriate choice in of frame [16].
By choosing the Weitzenbo¨ck connection, the Riemann
tensor identically vanishes, whereas the torsion tensor
defined by [13]
T aµν := 2Γ
a
[µν] , (1)
quantifies the field strength of gravity in TG. This quan-
tity can be decomposed into irreducible axial, vector and
purely tensorial parts defined respectively as [17]
aµ =
1
6
ǫµνσρT
νσρ , (2)
vµ = T
σ
σµ , (3)
tσµν =
1
2
(Tσµν + Tµσν) +
1
6
(gνσvµ + gνµvσ)
− 1
3
gσµvν , (4)
where ǫµνσρ is the totally anti-symmetric Levi-Civita
symbol in 4 dimensions. These are irreducible parts with
respect to the local Lorentz group, and can be used to
construct scalar invariants
Tax = aµa
µ =
1
18
(TσµνT
σµν − 2TσµνT µσν) , (5)
Tvec = vµv
µ = T σσµT
ρµ
ρ , (6)
Tten = tσµν t
σµν =
1
2
(TσµνT
σµν + TσµνT
µσν)
− 1
2
T σσµT
ρµ
ρ . (7)
These three quantities form the most general second or-
der Lagrangian density that is quadratic in the torsion
tensor and is parity preserving [18], which can be writ-
ten as f(Tax, Tvec, Tten). For the special choice of linear
coefficients
T =
3
2
Tax +
2
3
Tten − 2
3
Tvec , (8)
the resulting Lagrangian turns out to be equivalent to
the Ricci scalar R˚ (computed with the Levi-Civita con-
nection) up to a total divergence term [19]
R˚ = −T +B , (9)
where B is a boundary contribution. This is the so-called
teleparallel equivalent of general relativity (TEGR), and
results in identical field equations as GR, despite differing
at the level of the action.
The procedure to transform local Lorentz frames to
the general manifold in GR comprises of exchanging the
Minkowski metric for the general manifold metric ten-
sor, and raising the partial derivative to the Levi-Civita
covariant derivative. In TG, the Minkowski manifold is
formed by trivial tertads. The coupling procedure for a
general scalar field, Ψ = Ψ(xa(xµ)), is then prescribed
by elevating these trivial tetrads to general tetrads, eaµ,
and by mapping the derivative operator through [16]
∂µ → ∇˚µ , (10)
where the relation retains the same form as in GR which
is a result of the close relationship the two theories share.
Now that both the gravitational and scalar field sec-
tors have been adequately developed, we can lay the cri-
teria on which to construct the TG analogue of Horn-
deski gravity in four dimensions [15], which are (i) the
3resulting field equations must, at most, be second order
in terms of tetrad derivatives; (ii) the scalar invariants
cannot be parity violating; (iii) contractions of the tor-
sion tensor can be at most quadratic. Condition (iii) acts
to limit the potentially infinite higher order contractions
that may appear in the theory.
Observing these conditions leads directly to the
scalar invariants which are linear in the torsion ten-
sor I2 = v
µφ;µ, and quadratic in the torsion ten-
sor J1 = a
µaνφ;µφ;ν , J3 = vσt
σµνφ;µφ;ν , J5 =
tσµνt µ¯σ νφ;µφ;µ¯ , J6 = t
σµνt µ¯ν¯σ φ;µφ;νφ;µ¯φ;ν¯ , J8 =
tσµνt ν¯σµ φ;νφ;ν¯ , J10 = ǫ
µ
νσρa
νtαρσφ;µφ;α, where the
semicolon represents the Levi-Civita covariant derivative.
While other permutations exist, they can be shown to re-
duce to these terms when the symmetries of the torsion
tensor are taken into account.
Defining the kinetic term of the scalar field as X :=
− 12∂µφ∂µφ results in the new Lagrangian component
LTele :=
GTele(φ,X, T, Tax, Tvec, I2, J1, J3, J5, J6, J8, J10) . (11)
By virtue of the TG coupling prescription, the La-
grangian components of Horndeski’s theory in standard
gravity remain identical except that they are expressed
in terms of the tetrad. This means that the TG analogue
of Horndeski’s theory can be written as [15]
SBDLS = 1
2κ2
∫
d4x eLTele + 1
2κ2
5∑
i=2
∫
d4x eLi , (12)
where
L2 := G2(φ,X) , L3 := G3(φ,X)φ , (13)
L4 := G4(φ,X) (−T +B)
+G4,X(φ,X)
[
(φ)
2 − φ;µνφ;µν
]
, (14)
L5 := G5(φ,X)Gµνφ;µν
− 1
6
G5,X(φ,X)
[
(φ)3 + 2φ ν;µ φ
α
;ν φ
µ
;α
− 3φ;µνφµν (φ)
]
, (15)
in which κ2 = 8πG, e := det(eaµ) =
√−g is the deter-
minant of the tetrad, Gµν is the regular Einstein tensor,
commas are differentiation and φ := φ;µ;µ. Clearly,
for the choice of GTele = 0, standard Horndeski gravity
is recovered. Due to the local Lorentz invariant of the
torsion tensor, the new BDLS formulation of Horndeski
gravity is covariant under both Lorentz transformations
and diffeomorphisms.
3. The GW Propagation Equation—One of the most im-
portant features of GR is that it is second order in the
leading derivative terms. This obviously holds in pertur-
bative level granting the perturbations a possibility to be
propagating, i.e, a wave, which is actually the case in GR.
This wave is interpreted as the gravitational wave since
it is described by the perturbation of the metric, which
in turn carries the gravitational degrees of freedom. The
metric up to linear order reads
gµν = gµν + δgµν , (16)
where gµν is the metric evaluated at the background and
δgµν is the first order perturbation of the metric. It is
important to stress that, in general, δgµν can have a max-
imum of 10 propagating degrees of freedom (DoF) [20].
However, linearized GR around flat FLRW backgrounds
enjoys only two propagating DoF, manifested as a mass-
less spin 2 particle travelling at the speed of light. This
is due to the fact that there are four constraints from the
linearized field equations and four from gauge fixing of
δgµν and as such we are left with only two propagating
DoFs . On closer analysis, through the Scalar-Vector-
Tensor (SVT) decomposition of δgµν , these two DoFs
correspond exclusively to its tensor part.
The aformentioned analysis of GR, seems to be in very
good agreement with recent observations [1]∣∣∣cg
c
− 1
∣∣∣ & 10−15 , (17)
that the speed of the GWs is highly constrained to the
value of the speed of light, or in other words, the graviton
practically travels at the speed of light. It was also found
in [21] that there is an upper bound, mg < 1.2 × 10−22
eV/c2, for the graviton mass mg. This contraint, al-
though minuscule, still leaves open the possibility of a
massive graviton. These constraints, have lead us to
demand that any sensible gravitational theory must, at
least, predict a graviton travels at the speed of light and
has a very small mass if not zero.
In TG theories, in which the fundamental dynamical
variable is the tetrad eaµ, we note that it has ten (metric)
+ six (Lorentz group) DoFs. These 6 DoFs can be gauged
away by fixing the Lorentz group and one choice of the
fixing is to demand that ωabµ ≡ 0 which is the purely
inertial gauge. One way to check that a specific choice
of a tetrad is actually a tetrad that indeed corresponds
to this gauge [22, 23], is by checking if the antisymmetric
part of the field equations is satisfied identically for this
particular choice of tetrad and also checking if the action
is regular at Minwkoski limit. This gauge is very useful
because it can also hold in perturbative level in which
the linear perturbation of eaµ reads as
eaµ = e
a
µ + δe
a
µ , (18)
where eaµ is the tetrad evaluated at the background and
δeaµ is the first order perturbation of the tetrad.
Considering a flat FLRW background, the metric has
the following form in Cartesian coordinates [12]
ds2 = −N(t)2dt2 + a(t)2(dx2 + dy2 + dz2) , (19)
4where a(t) and N(t) are the scale factor and the lapse
function, respectively. This metric can be produced by
the tetrad
eaµ = diag(N(t), a(t), a(t), a(t)) , (20)
which is a tetrad that corresponds to the purely inertial
gauge for the BDLS theory. As it turns out, from the full
SVT decomposition of the tetrad [24, 25], δeaµ enjoys 10
+ 6 DoFs, just like eaµ, which are encoded in 6 scalars,
4 vectors and 1 tensor, whereas δgµν enjoys 4 scalars,
2 vectors and 1 tensor. The extra 6 DoFs introduce 2
extra scalars and 2 extra vectors, which is just the man-
ifestation of not having fixed the Lorentz group at the
perturbative level. More specifically, from the STV de-
composition of δeaµ, the tensor part is
δekµ =
1
2
a δiµδ
kjhij , (21)
where hij , the actual tensorial perturbation, is trans-
verse, traceless and symmetric. Hereafter, only the ten-
sorial part of the perturbation, Eq. (21), will be of im-
portance since we are interested in finding the GW prop-
agation equation of the BDLS theory.
The most general parametrization of the GW propaga-
tion equation, in a FRLW background was first derived
in Refs. [26, 27] and has the following form
h¨ij + (3 + ν)Hh˙ij − (c2T k2/a2 + µ2)hij = Γγij , (22)
where dots denote differentiation with respect to the cos-
mic time t, H = a˙/a is the Hubble parameter, cT is the
speed of tensor gravitational waves, µ is the effective mass
of the graviton, ν is related to the effective Planck mass
and Γ is related to any extra sources and k is norm of
the spatial wave vector. In our case, µ = Γ = 0, so we
can rewrite the wave equation as
h¨ij + (3 + αM )Hh˙ij − (1 + αT ) k
2
a2
hij = 0 , (23)
where αT = c
2
T − 1 is the tensor excess speed and αM is
the Planck mass run rate. The explicit values of these pa-
rameters for the theory (12) in a flat FLRW background
are
αT =
2X
M2∗
(
2G4,X − 2G5,φ −G5,X(φ¨− φ˙H)− 2GTele,J8 −
1
2
GTele,J5
)
, (24)
and αM =
1
HM2
∗
dM2
∗
dt
with the effective Planck mass given
by
M2∗ = 2
(
G4 − 2XG4,X +XG5,φ − φ˙XHG5,X
+2XGTele,J8 +
1
2XGTele,J5 −GTele,T
)
, (25)
where comas represent derivatives. Also the scalars in
GTele evaluated for the tetrad in Eq. (20) are given by
T =
6H2
N2
+O(h2) , (26)
Tvec = −9H
2
N2
+O(h2) , (27)
I2 =
3Hφ˙
N2
+O(h2) , (28)
Tax = J1 = J3 = J5 = J6 = J8 = J10 = O(h2) .
(29)
It is important to remark that the term GTele ap-
pears in Eqs. (24)-(25). Thus, the BDLS model predicts
a different speed of the GW propagation compared to
the standard Horndeski theory. Furthermore, the extra
terms that come from GTele will also be responsible for
reviving whole classes of models which were previously
non-viable in the context of standard Horndenski theory.
For the case of GTele = 0 , one recovers the same result
reported in [4, 6] which is the standard Horndeski gravity
case. If G5 = G4 = 0 and GTele = f(T ), one recovers the
same result for f(T ) gravity (αT = 0) reported in [28–30].
The effect of the parameters αT and αM is also evi-
dent in the waveform, by either introducing a change in
the amplitude generated from αM or introducing a phase
change generated by αT . This can be seen if we expand
the waveform hBDLS of our theory in terms of the GR
waveform hGR [31]
hBDLS ∼ hGR e− 12
∫
αMHdη︸ ︷︷ ︸
Amplitude
eik
∫ √
αT+
a2µ2
k2
Hdη︸ ︷︷ ︸
Phase
, (30)
where η =
∫
dt/a denotes the conformal time and H is
the Hubble parameter with respect to conformal time.
Therefore the effect of αM will be to change the ampli-
tude of the waveform whereas αT will just add a phase,
both of which are existent in the BDLS case.
4. Reviving Horndenski using Teleparallel gravity—From
recent GW observations [1], it was found that the speed of
5the gravitational waves is constraint to be Eq. (17). This
equation effectively sets that αT ≈ 0 in a flat FLRW cos-
mological background. For the standard Horndeski case
(GTele = 0), from Eq. (24), one can notice that in order
to achieve this condition, one requires G4(φ,X) = G4(φ)
and G5(φ,X) = const. (trivial). In greater detail, quartic
and quintic Galileon models [32, 33], de-Sitter Horndeski
[34], the Fab-Four [35], as well as purely kinetic coupled
models [36] are severely constrained due to Eq. (17). In-
dicatively, for example, the theory that reads
S =
∫
d4x
√−g
{ R˚
κ2
−
[
ǫ gµν + η G˚µν
]
φ;µφ;ν − 2V (φ)
}
+ Smatter , (31)
where ǫ and η are two coupling constants and G˚µν is the
Einstein tensor, gives great phenomenology at different
cosmological epochs because of the presence of the non-
minimal kinetic coupling. It was very well studied in the
literature [36–43] since it provides a realistic cosmolog-
ical scenario emanated from this higher-order coupling.
Namely, at early times it gives a quasi de-Sitter behavior
for the scale factor as an inflationary scenario; once infla-
tion is over the Universe enters a matter dominated era
and later on, because of the dominance of the cosmolog-
ical terms, it obtains a de-Sitter behavior. The change
between the epochs happens naturally without any fine-
tuning potential.
Another example is the so called quartic galileon
model. Its action reads
S =
∫
d4x
√−g
[
R˚
κ2
+
4∑
i=1
Li
]
, (32)
where Li are the known functions of the Horndeski the-
ory [15, 43]. This model is very well studied as well;
in [44] the authors found self-accelerating solutions, and
they studied their stability, as well as spherically symmet-
ric solutions. In [45], they perform simulations showing
that the Vainshtein mechanism suppresses very efficiently
the spatial variations of the scalar field and in addition,
the simulations fit very well both CMB and BAO data.
However, after the observation of GW170817, such
non-minimal couplings (31) and also models like (32)
were eliminated by the constraint in Eq. (17), predicting
a higher than the speed of light speed for the gravita-
tional waves.
In BDLS theory though, when one assumes GTele 6= 0,
it is possible to find a theory which satisfies αT = 0. By
solving αT = 0 in Eq. (24), one gets that the complete
Lagrangian satisfying cT = 1 is given by
L = G˜tele(φ,X, T, Tvec, Tax, I2, J1, J3, J6, J8 − 4J5, J10) +G2(φ,X) +G3(φ,X)φ ,
+G4(φ,X) +G4,X
[
(φ)
2 − φ;µνφ;µν + 4J5
]
+G5(φ)Gµνφ;µν − 4J5G5,φ . (33)
One can notice that the Lagrangians L4 and L5 are now
corrected by a term proportional to J5, otherwise cT
will not be one. With these corrections, models that
were eliminated in standard Horndeski will survive in this
framework. Specifically, as we can see from the last four
terms in Eq. (33), theories with G5(φ) and also G4(φ,X)
will give the correct speed for the gravitational waves.
This correction of course includes the models in (31) and
(32).
5. Conclusions— Horndeski theory is the most general
scalar-tensor theory (with a single scalar field) leading
to second order field equations. Most modified theories
of gravity can be mapped onto its action. However, af-
ter the observation of GW170817, a significant part of the
theory was eliminated because they predict discrepancies
between the GW speed of propagation and the speed of
light. In Ref. [15], we introduced the Teleparallel analog
of Horndeski and we saw that because of the structure of
the torsion tensor, there appears a new function adding
richer phenomenology to the theory. What we do in this
work is to study the tensor perturbations of the tetrad in
order to see whether there are models that revive the GW
observation. Interestingly enough, because equation (24)
is modified, there appears a correction term both in L4
and in L5 (see Eq. (33)), and thus many significant mod-
els survive.
Acknowledgements— The authors would like to acknowl-
edge networking support by the COST Action GW-
verse CA16104. This article is based upon work from
CANTATA COST (European Cooperation in Science
and Technology) action CA15117, EU Framework Pro-
gramme Horizon 2020. SB is supported by Mobilitas
Pluss N◦ MOBJD423 by the Estonian government.
∗ Electronic address: sbahamonde@ut.ee, sebastian.beltran.14@ucl.ac.uk
† Electronic address: dialektopoulos@na.infn.it
‡ Electronic address: vgakis@central.ntua.gr
§ Electronic address: jackson.said@um.edu.mt
6[1] B. P. Abbott et al. (LIGO Scientific, Virgo), Phys. Rev.
Lett. 119, 161101 (2017), 1710.05832.
[2] A. Goldstein et al., Astrophys. J. 848, L14 (2017),
1710.05446.
[3] G. W. Horndeski, Int. J. Theor. Phys. 10, 363 (1974).
[4] T. Kobayashi, M. Yamaguchi, and J. Yokoyama, Prog.
Theor. Phys. 126, 511 (2011), 1105.5723.
[5] D. Lovelock, J. Math. Phys. 12, 498 (1971).
[6] R. C. Nunes, M. E. S. Alves, and J. C. N. de Araujo,
Phys. Rev. D99, 084022 (2019), 1811.12760.
[7] P. Creminelli and F. Vernizzi, Phys. Rev. Lett. 119,
251302 (2017), 1710.05877.
[8] J. Sakstein and B. Jain, Phys. Rev. Lett. 119, 251303
(2017), 1710.05893.
[9] E. Bellini and I. Sawicki, JCAP 1407, 050 (2014),
1404.3713.
[10] T. Kobayashi (2019), 1901.07183.
[11] T. Clifton, P. G. Ferreira, A. Padilla, and C. Skordis,
Phys. Rept. 513, 1 (2012), 1106.2476.
[12] C. Misner, K. Thorne, and J. Wheeler, Grav-
itation, no. pt. 3 in Gravitation (W. H.
Freeman, 1973), ISBN 9780716703440, URL
https://books.google.com.mt/books?id=w4Gigq3tY1kC.
[13] R. Aldrovandi and J. G. Pereira, Teleparallel Gravity, vol.
173 (Springer, Dordrecht, 2013), ISBN 9789400751422,
9789400751439.
[14] P. A. Gonzalez and Y. Vasquez, Phys. Rev. D92, 124023
(2015), 1508.01174.
[15] S. Bahamonde, K. F. Dialektopoulos, and J. L. Said
(2019), 1904.10791.
[16] M. Krssak, R. J. Van Den Hoogen, J. G. Pereira, C. G.
Boehmer, and A. A. Coley (2018), 1810.12932.
[17] S. Bahamonde, C. G. Bo¨hmer, and M. Krsˇsˇa´k, Phys.
Lett. B775, 37 (2017), 1706.04920.
[18] K. Hayashi and T. Shirafuji, Phys.
Rev. D 19, 3524 (1979), URL
https://link.aps.org/doi/10.1103/PhysRevD.19.3524.
[19] S. Bahamonde, C. G. Bohmer, and M. Wright, Phys.
Rev. D92, 104042 (2015), 1508.05120.
[20] C. M. Will, Theory and Experiment in Gravitational
Physics (Cambridge University Press, 2018), 2nd ed.
[21] B. P. Abbott et al. (LIGO Scientific, Virgo), Phys. Rev.
Lett. 116, 061102 (2016), 1602.03837.
[22] N. Tamanini and C. G. Boehmer, Phys. Rev. D86,
044009 (2012), 1204.4593.
[23] B. Li, T. P. Sotiriou, and J. D. Barrow, Phys. Rev. D83,
064035 (2011), 1010.1041.
[24] R. Zheng and Q.-G. Huang, JCAP 1103, 002 (2011),
1010.3512.
[25] G. Farrugia and J. L. Said, Phys. Rev. D94, 124004
(2016), 1612.00974.
[26] I. D. Saltas, I. Sawicki, L. Amendola, and M. Kunz, Phys.
Rev. Lett. 113, 191101 (2014), 1406.7139.
[27] A. Riazuelo and J.-P. Uzan, Phys. Rev. D62, 083506
(2000), astro-ph/0004156.
[28] R. C. Nunes, S. Pan, and E. N. Saridakis, Phys. Rev.
D98, 104055 (2018), 1810.03942.
[29] S.-H. Chen, J. B. Dent, S. Dutta, and E. N. Saridakis,
Phys. Rev. D83, 023508 (2011), 1008.1250.
[30] G. Farrugia, J. L. Said, V. Gakis, and E. N. Saridakis,
Phys. Rev. D97, 124064 (2018), 1804.07365.
[31] J. M. Ezquiaga and M. Zumalaca´rregui, Front. Astron.
Space Sci. 5, 44 (2018), 1807.09241.
[32] A. Nicolis, R. Rattazzi, and E. Trincherini, Phys. Rev.
D79, 064036 (2009), 0811.2197.
[33] C. Deffayet, G. Esposito-Farese, and A. Vikman, Phys.
Rev. D79, 084003 (2009), 0901.1314.
[34] P. Martin-Moruno, N. J. Nunes, and F. S. N. Lobo, Phys.
Rev. D91, 084029 (2015), 1502.03236.
[35] C. Charmousis, E. J. Copeland, A. Padilla, and P. M.
Saffin, Phys. Rev. Lett. 108, 051101 (2012), 1106.2000.
[36] G. Gubitosi and E. V. Linder, Phys. Lett. B703, 113
(2011), 1106.2815.
[37] S. V. Sushkov, Phys. Rev. D80, 103505 (2009),
0910.0980.
[38] A. A. Starobinsky, S. V. Sushkov, and M. S. Volkov,
JCAP 1606, 007 (2016), 1604.06085.
[39] J. Matsumoto and S. V. Sushkov, JCAP 1801, 040
(2018), 1703.04966.
[40] S. Sushkov, Phys. Rev. D85, 123520 (2012), 1204.6372.
[41] L. Amendola, Phys. Lett. B301, 175 (1993), gr-
qc/9302010.
[42] E. N. Saridakis and S. V. Sushkov, Phys. Rev. D81,
083510 (2010), 1002.3478.
[43] S. Capozziello, K. F. Dialektopoulos, and S. V. Sushkov,
Eur. Phys. J. C78, 447 (2018), 1803.01429.
[44] R. Gannouji and M. Sami, Phys. Rev. D82, 024011
(2010), 1004.2808.
[45] B. Li, A. Barreira, C. M. Baugh, W. A. Hellwing,
K. Koyama, S. Pascoli, and G.-B. Zhao, JCAP 1311,
012 (2013), 1308.3491.
